The expression and subcellular distribution of the dystrophin-glycoprotein complex and laminin were examined in cardiac muscle by immunoblot and immunofluorescence analysis of rabbit and sheep papillary muscle. The five dystrophin-associated proteins (DAPs), 156-DAG, 59-DAP, 50-DAG, 43-DAG, and 35-DAG, were identified in rabbit ventricular muscle and found to codistribute with dystrophin in both papillary myofibers and Purkinje fibers. The DAPs and dystrophin codistributed not only in the free surface sarcolemma but also in interior regions of the myofibers where T tubules are present. Neither the DAPs nor dystrophin were detected in intercalated discs, a specialized region of cardiac sarcolemma where neighboring myocardial cells are physically joined by cell-cell junctions. Similarly, in bundles of Purkinje fibers, which lack T tubules, DAPs and dystrophin were also found to codistribute at the free surface sarcolemma but were not detected either in the region of surface sarcolemma closely apposed to a neighboring Purkinje fiber or in interior regions of these myofibers. Comparison between the distribution of the dystrophin-glycoprotein complex and laminin showed that laminin codistributes with the components of this complex in both papillary myofibers and Purkinje fibers. These results are consistent with previous findings demonstrating that the extracellularly exposed 156-DAG (dystroglycan) of the skeletal muscle dystrophin-glycoprotein complex binds laminin, a component of the basement membrane. Although we demonstrate that DAPs, dystrophin, and laminin colocalize to the sarcolemma in rabbit and sheep papillary myofibers as they do in skeletal myofibers, the most striking difference between the subcellular distribution of these proteins in cardiac and skeletal muscle is that the dystrophin-glycoprotein complex and laminin also localize to regions of the fibers where T tubules are distributed in cardiac but not in skeletal muscle. These results imply that the protein composition and thus possibly some functions of T tubules in cardiac muscle are distinct from those of skeletal muscle. (Circulation Research 1993;72:349-360 
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The expression and subcellular distribution of the dystrophin-glycoprotein complex and laminin were examined in cardiac muscle by immunoblot and immunofluorescence analysis of rabbit and sheep papillary muscle. The five dystrophin-associated proteins (DAPs), 156-DAG, 59-DAP, 50-DAG, 43-DAG, and 35-DAG, were identified in rabbit ventricular muscle and found to codistribute with dystrophin in both papillary myofibers and Purkinje fibers. The DAPs and dystrophin codistributed not only in the free surface sarcolemma but also in interior regions of the myofibers where T tubules are present. Neither the DAPs nor dystrophin were detected in intercalated discs, a specialized region of cardiac sarcolemma where neighboring myocardial cells are physically joined by cell-cell junctions. Similarly, in bundles of Purkinje fibers, which lack T tubules, DAPs and dystrophin were also found to codistribute at the free surface sarcolemma but were not detected either in the region of surface sarcolemma closely apposed to a neighboring Purkinje fiber or in interior regions of these myofibers. Comparison between the distribution of the dystrophin-glycoprotein complex and laminin showed that laminin codistributes with the components of this complex in both papillary myofibers and Purkinje fibers. These results are consistent with previous findings demonstrating that the extracellularly exposed 156-DAG (dystroglycan)
of the skeletal muscle dystrophin-glycoprotein complex binds laminin, a component of the basement membrane. Although we demonstrate that DAPs, dystrophin, and laminin colocalize to the sarcolemma in rabbit and sheep papillary myofibers as they do in skeletal myofibers, the most striking difference between the subcellular distribution of these proteins in cardiac and skeletal muscle is that the dystrophin-glycoprotein complex and laminin also localize to regions of the fibers where T tubules are distributed in cardiac but not in skeletal muscle. These results imply that the protein composition and thus possibly some functions of T tubules in cardiac muscle are distinct from those of skeletal muscle. ( NH2-terminal region of dystrophin is both structurally and functionally homologous to the NH2-terminal region of a-actinin. '6 Since DMD affects the performance of skeletal muscle fibers quite severely, major efforts have focused on understanding the structure and function of dystrophin as well as its interaction with the DAPs in skeletal muscle. Nonetheless, patients with DMD as well as female carriers of the DMD gene have a much higher chance of developing cardiomyopathy than normal individuals, suggesting that the lack of dystrophin in cardiac muscle cells may also impair the function of the heart in these individuals.17
At present, our knowledge about the structure, function, and subcellular distribution of the dystrophinglycoprotein complex in cardiac muscle tissues is relatively limited. Biochemical18 and immunocytochemical studies7"19-2' have suggested that dystrophin in cardiac muscle as in skeletal muscle is closely associated with the surface SL but absent from T tubules and intercalated discs. Northern Since 156-DAG binds to laminin, the distribution of laminin and components of the dystrophin-glycoprotein complex were also compared.
Our results demonstrate that DAPs, dystrophin, and laminin codistribute not only at the free surface sarcolemma but also in regions where T tubules are present. These results are consistent with the idea that free surface sarcolemma and T tubules in cardiac myofibers have several membrane proteins in common that are localized to the sarcolemma but are absent from T tubules in skeletal muscle, implying that the protein composition and possibly the function of cardiac T tubules is distinct from that of skeletal T tubules. 
Antibodies: Preparation and Characterization
The specificity and characterization of the primary antibodies used in the present studies are summarized in Table 1 .
Monoclonal Antibodies 50-DAG. Monoclonal antibody (MAb) IVD3, to the 50-kd glycoprotein (50-DAG) of the dystrophin-glycoprotein complex of rabbit skeletal muscle was prepared in the mouse, and its specificity for rabbit skeletal sarcolemma was characterized as previously described. 2"12 Polyclonal Antibodies 156-DAG. Preparation and characterization of sheep affinity-purified antibodies to fusion protein D (156-DAG) was carried out as described by IbraghimovBeskrovnaya et al. 15 Klietsch et al Dystrophin-Glycoprotein Complex and Laminin in Cardiac Muscle 351 59-DAP, 50-DAG, 43-DAG, and 35-DAG. Preparation and characterization of sheep affinity-purified antibodies specific for the 59-, 50-, 43-, and 35-kd DAPs were carried out according to the procedures described by Ohlendieck and Campbell.23 Dystrophin. Polyclonal antibodies to the C-terminal decapeptide of the predicted human skeletal muscle dystrophin (Pro-Gly-Lys-Pro-Met-Arg-Gln-Asp-ThrMet)14 were produced in rabbits and characterized as previously described.2 Affinity-purified antibodies to this decapeptide of dystrophin were prepared as previously described22,24 using the purified decapeptide photochemically coupled to bovine serum albumin25 and blotted onto Immobilon-P. The affinity-purified antibodies to dystrophin do not cross-react with a synthetic peptide corresponding to the C-terminal 12 amino acids of the chromosome 6 dystrophin-related protein. 26 Laminin. Polyclonal rabbit antiserum to laminin purified from mouse Engelbreth-Holm-Swarm (EHS) sarcoma was purchased from GIBCO Laboratories, Mississauga, Canada. This antibody is specific for EHS laminin previously shown to contain epitopes shared with mouse heart laminin. 27 
Gel Electrophoresis and Immunoblotting
Membrane proteins were separated on 3-12% sodium dodecyl sulfate (SDS)-polyacrylamide gels28 and transelectrophoresed to nitrocellulose paper according to the general method of Towbin et a129 using 5% nonfat dry milk in Tris-buffered saline (TBS, Blotto, 100 mM Tris, 2.5 mM sodium chloride, pH 7.5) for blocking the immunoblots as described by Johnson et al.30 Immunoblotting procedure A. Immunoblot staining with MAb IVD31 to 50-DAG or rabbit antiserum to the C-terminal decapeptide of human skeletal dystrophin was carried out as previously described,12 except that a double-layered procedure was used.
Immunoblotting procedure B. Immunoblot staining with affinity-purified antibodies to each of the following DAPs-156-DAG, 59 For the control assay, affinity-purified antibodies (50 ,ug/ml) to the C-terminal decapeptide of dystrophin were incubated for adsorption as previously described with 0 and 1.25 ,ug/ml of the purified C-terminal decapeptide of dystrophin conjugated to bovine serum albumin (17:1).25 Thus, the molar ratio of peptide/antibody was -4 for the adsorption. The supernatants obtained by centrifugation were used as the primary reagent in the single indirect immunolabeling assay. For 50-DAG and dystrophin, double-labeling procedure A was composed of single-labeling procedure 1 for 50-DAG followed by single-labeling procedure 2 for dystrophin, except that fluorescein-conjugated secondary antibodies (10 ,ug/ml, affinity-purified IgG of goat anti-mouse IgGl, Sera Lab) were used to label 50-DAG.
For 50-DAG and WGA, double-labeling procedure B was composed of single-labeling procedure 1 for 50-DAG and procedure 8 for labeling with WGA, except that fluorescein-conjugated secondary antibodies (10 1,g/ml, affinity-purified gamma globulin of goat antimouse IgGl, Sera Lab) were used to label For dystrophin and WGA, double-labeling procedure C was composed of single-labeling procedure 2 for dystrophin and procedure 8 for labeling with WGA, where fluorescein-conjugated secondary antibodies (20 ,ug/ml, affinity-purified donkey antibodies to rabbit IgG, Jackson ImmunoResearch Laboratories) were used to label dystrophin.
For 50-DAG and laminin, double-labeling procedure D was composed of single-labeling procedure 1 for 50-DAG followed by single-labeling procedure 9 for laminin.
For laminin and WGA, double-labeling procedure E was composed of single-labeling procedure 9 for laminin and procedure 8 for labeling with WGA.
Imaging
Conventional fluorescence microscopy was carried out with a Zeiss photomicroscope provided with an epifluorescence attachment and a phase-contrast condenser. Confocal fluorescence microscopy was carried out with a photomicroscope (Nikon Canada Inc., Mississauga, Canada) provided with a confocal fluorescence imaging system34 (Laser Sharp MRC, Bio-Rad Laboratories Ltd.) using a krypton-argon laser for illumination.
Results

Identification of Cardiac DAPs
It has previously been reported that the skeletal muscle dystrophin-glycoprotein complex is composed of 156-DAG, 59-DAP, 50-DAG, 43-DAG, 35-DAG, 25- DAG, and dystrophin and that the components of this complex codistribute at the surface sarcolemma but are absent from T tubules in skeletal muscle.26'12 To determine whether DAPs analogous to skeletal DAPs are also present in cardiac muscle, rabbit cardiac and skeletal microsomes separated and transblotted by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) ( Figure 1A ) were stained with affinity-purified sheep antibodies to rabbit skeletal 156-DAG, 59-DAP, 50-DAG, 43 -DAG, and 35 -DAG. Bands with apparent Mrs of 59,000, 50,000, and 35,000, respectively, were identified in rabbit cardiac microsomes ( Figure 1A ). Except for the 152,000 cardiac protein detected by antibodies to the skeletal 156-DAG, the apparent Mr values of the cardiac proteins identified by antibodies to each of the skeletal DAPs are indistinguishable. These results show that rabbit cardiac microsomes contain proteins with similar apparent Mrs that are antigenically related to each of the components of the dystrophin-glycoprotein complex in skeletal muscle. Furthermore, the relative abundance of each of these DAPs in skeletal microsomes ( Figure 1A ) appears to be very similar to that of the corresponding proteins in cardiac muscle ( Figure  1A ). Similarly, SDS-PAGE-separated and -transblot- . These results strongly support the conclusion that MAb IVD3, principally identifies a 50-kd protein in rabbit and a 50-52-kd protein doublet in sheep cardiac microsomes antigenically related to the 50-kd glycoprotein subunit of the dystrophin-glycoprotein complex in skeletal muscle called 50-DAG.
The antigens in rabbit cardiac muscle labeled by the affinity-purified sheep antibodies to skeletal 156-DAG, 59-DAP, 50-DAG, 43-DAG, and 35-DAG will be referred to as 156-DAG, 59-DAP, 50-DAG, 43 -DAG, and 35-DAG. Similarly, the antigens in sheep and rabbit cardiac muscle defined by MAb IVD3, will be referred to as 50-DAG.
Specificity ofAntibodies to Skeletal Dystrophin Toward Dystrophin in Cardiac Muscle Microsomes
Immunoblotting of SDS-PAGE-separated and -transblotted microsomal membranes from sheep and canine ventricular muscle showed that dystrophin antiserum also specifically labels a single band in cardiac microsomes from sheep ( Figure 1C (Figures 2a and 2c) , 59 -DAP (Figures 2b and 2d) , (Figures 2e and FIGURE 2 . Subcellular distribution of components of the dystrophin-glycoprotein complex in papillary myofibers by immunofluorescence labeling and confocal imaging. Transverse cryosections from adult rabbit (panels a-i and k) and sheep papillary muscle (panels j and 1) were immunolabeled with affinity-purified antibodies to dystrophin-associated glycoproteins (DAGs) 156-DAG (panels a and c), 59-DAP (panels b and d), 50-DAG (panels e and g), 43 -DAG (panelsf and h), and 35-DAG (panels i and k) and to the C-terminal decapeptide of human dystrophin (DYS, panels j and 1). Confocal imaging shows that each of these components of the dystrophin-glycoprotein complex is distributed along the cell periphery of papillary myofibers (double arrowheads) as well as in an anastomizing network extending from the cell periphery toward the central regions of the myofibers.
Bar, 5 gm. 2g), (Figures 2f and 2h) Dystrophin. Previous immunofluorescence7'9-21 and immunocolloidal gold21 studies have shown that dystrophin is localized in cardiac sarcolemma in mouse, human, and rat ventricular myocardium. However, the presence of dystrophin in cardiac T tubules has not been reported. Since dystrophin and the DAPs codistribute in rabbit skeletal muscle, where they are confined to the sarcolemma and apparently absent from T tubules, it was important to determine whether dystrophin and the DAPs also codistribute in cardiac myofibers.
Examination of confocal images of transverse cryosections of sheep papillary muscle immunolabeled for dystrophin shows that dystrophin like the DAPs (Figures 2a-2i and 2k ) is distributed not only at the cell periphery but also in a networklike pattern present throughout the cytoplasm of these myofibers (Figures 2j  and 21 ). Furthermore, comparison of the distribution of dystrophin (Figure 3b ) and 50-DAG (MAb 1VD31) (Figure 3a ) by double immunofluorescence labeling shows that these two proteins codistribute at both the cell periphery and in the networklike structures in the cytoplasm. By contrast, confocal imaging of transverse sections of sheep skeletal muscle confirms that specific labeling for dystrophin (Figure 3d ) and 50-DAG (Figure 3c) is confined to the surface SL but absent from interior regions of the cytoplasm in skeletal muscle where T tubules are present.
Similarly, immunofluorescence labeling shows that dystrophin and 50-DAG (MAb 1VD31) codistribute at both the free surface SL and the interior regions of the cytoplasm where T tubules are present in canine cardiac muscle but only at the free surface SL in canine skeletal muscle (Table 2) . Since an affinity-purified site-specific antibody to 50-DAG also identifies a 50-kd protein in rabbit cardiac microsomes and localizes it to regions of (Figures 4a and 4b ) that occasionally resolved into rows of discrete bright foci (Figure 4d, arrowheads) were also observed. The position of the transversely oriented narrow fluorescent bands (Figure 4b ) corresponded to the center of 1 bands as observed by viewing the mirror image of the same field by phase-contrast microscopy ( Figure 4c ). Since T tubules in mammalian ventricular myofiber are mostly confined to the interfibrillar spaces corresponding to the level of the I band, these results are consistent with the conclusion that 50-DAG is localized to both the free surface SL and T tubules in sheep papillary myofibers.
SO-DAG and WGA. The distribution of 50-DAG in relation to the SL and its extensions, the T tubules, was also determined by double fluorescence labeling of longitudinal cryosections from sheep papillary muscle using WGA and MAb IVD3, to 50-DAG. Since WGA binds specifically to N-acetyl-D-glucosamine and sialic acid moieties and thus to the external side of cell surfaces including the SL and T tubules of isolated rat myocardial fibers in Situ,35 it is assumed that labeling of cardiac cryosections with WGA delineates the cell periphery of cardiac myofibers, which is composed of surface SL, T tubules, and intercalated discs. 36 The results showed that labeling for 50-DAG (Figure 4e ) and WGA (Figure 4f ) codistributed along the cell periphery parallel to the longitudinal axis of the myofibers as well as along transversely oriented narrow bands at the level of the Z line. Furthermore, it was observed that the intercalated discs strongly labeled with WGA (Figure 4f , arrow) were not specifically labeled for 50-DAG (Figure 4e, arrow) . In addition, specific labeling with WGA was greatly reduced when WGA was incubated with N-acetyl-D-glucosamine before fluorescence labeling (not shown).
DAPs. Examination of longitudinal cryosections from rabbit papillary muscle showed that immunolabeling for 156-DAG, 59-DAP, 43 -DAG, and 35-DAG was localized at both the free surface SL and the center of the I band but not detected at the intercalated discs (Table 2) .
Dystrophin. Examination of longitudinal cryosections of sheep papillary myofibers (Figure 5a ) labeled with polyclonal antibodies to the C-termi-nus of human dystrophin showed that specific labeling for dystrophin was present at both the free surface SL ( Figures Sa and 5b , double arrowheads) and in transversely oriented narrow bands of the myofibers (Figures 5a and 5b) corresponding to the center of I band ( Figure Sc (Figure 5f , arrows).
The intensity of labeling for dystrophin as seen in Figure   Sb was greatly diminished when affinity-purified antibod- ies to dystrophin were adsorbed with the C-terminal decapeptide of human dystrophin before immunofluorescence labeling (Figure 5d ). These results strongly support the conclusion that dystrophin and the DAPs codistribute in both the free surface SL and T tubules but are absent from the intercalated discs of rabbit, sheep, and canine papillary myofibers ( Table 2) .
Comparison of the Distribution of 50-DAG and Laminin in Papillary Myofibers
It has recently been reported'5 that the extracellular 156-DAG of the dystrophin-glycoprotein complex binds to laminin, the major glycoprotein of the basal lamina.37,38 Thus, it was of interest to determine whether the dystrophin-glycoprotein complex codistributes with (Figure 6c, arrows) was not detected in the region of intercalated discs strongly labeled with WGA ( Figure  6d, arrows) . These results show that 50-DAG and dystrophin codistribute with laminin and that they are confined to regions of the SL in papillary myofibers associated with a basement membrane. These results show that 50-DAG, dystrophin, and laminin codistribute in sheep papillary myofibers and imply that the components of the dystrophin-glycoprotein complex are confined to regions of the SL in papillary myofibers associated with a basement membrane.
Subcellular Distribution of 50-DAG, Dystrophin, and Laminin in Sheep Purkinje Fibers In Situ
If the networklike distribution of components of the dystrophin-glycoprotein complex represent labeling of T tubules in papillary myofibers, specific immunofluorescence labeling for these components should be absent in interior regions of myofibers that lack T tubules, such as sheep Purkinje fibers.36 To determine if this is indeed the case, the subcellular distribution of 50-DAG, laminin, and dystrophin was determined in these myocardial fibers.
Examination of transverse cryosections containing bundles of sheep Purkinje fibers after double immunofluorescence labeling shows that specific labeling for laminin ( Figure 7a ) and 50-DAG (Figure 7b) We demonstrate by immunofluorescence studies that 156-DAG, 59-DAP, 50-DAG, 43-DAG, and 35-DAG of the dystrophin-glycoprotein complex are localized not only at the free surface SL but also in interior regions of the myofibers where T tubules are present in rabbit papillary myofibers. None of these DAPs was detected in regions of the SL corresponding to the intercalated discs. Furthermore, we demonstrate that dystrophin and laminin colocalize with 50-DAG at both the free surface SL and in interior regions of sheep papillary myofibers where T tubules are present. Like the DAPs, dystrophin and laminin were not detected at the intercalated discs. The suggestion that 50-DAG and dystrophin are indeed associated with both the surface SL and with T tubules in cardiac myofibers is further supported by the finding that 50-DAG and dystrophin also codistribute with WGA at the surface SL and in the I band region of the myofiber, where the distribution of WGA is assumed to image T tubules. Finally, the observation that 50-DAG, dystrophin, and laminin colocalize at the free surface SL but are not detected in interior regions of sheep Purkinje fibers that lack T for 50-DAG and dystrophin in interior regions of papillary myofibers is associated with T tubules as opposed to other cellular components present in these regions of the myofibers. In summary, the single-and double-fluorescence labeling studies strongly support the conclusion that the dystrophin-glycoprotein complex codistributes with laminin both at the free surface SL and T tubules but not in intercalated discs in rabbit, sheep, and canine papillary myofibers (Table 2) .
Previous immunocytochemical studies observed that dystrophin was localized to the surface SL in mouse, human, and rat ventricular myocytes719-21 but was not detected in T tubules and intercalated discs. 21 The subcellular distribution of DAPs was not reported in any of these studies. The reason for the differences between previous results7'19-21 and the results presented here is presently unknown. However, our preliminary immunocytochemical studies show that dystrophin and laminin also codistribute at the surface SL and in T tubules in rat papillary muscle. Thus, one explanation for the differences between results of the present and previous studies of rat cardiac muscle may be that the intensity of labeling of the surface SL for geometric reasons is considerably higher than that of T tubules, making it difficult to image T tubules.
The finding that the DAPs and dystrophin colocalize at the free surface SL and in regions where T tubules are present in cardiac papillary myofibers was also surprising in view of previous immunocytochemical studies in skeletal muscle. These studies demonstrated that although dystrophin2,6,8-"1 and DAPs25s6'12 colocalize in skeletal myofibers, they are confined to the SL and are absent from the T tubules. We demonstrate here that 50-DAG and dystrophin are also localized to the surface SL but are absent from interior regions where T tubules are present in sheep and canine skeletal muscle.
The distribution of the components of the dystrophinglycoprotein complex in skeletal muscle is consistent with previous studies demonstrating that skeletal surface SL and T tubules each have distinct ultrastructural features,404' contain several unique proteins,2"1242'43 and carry out distinct functions related to excitation-contraction coupling.44"45 Since mammalian ventricular myofibers contain both surface SL and T tubules,36 some investigators have assumed that the function and thus the protein composition of these two regions of the cardiac SL would be distinct and perhaps analogous to those of skeletal SL and T tubules, respectively.46-48 Subfractionation of cardiac SL vesicles by sucrose density centrifugation suggested that the 1,4-dihydropyridine receptor (1,4-DHPR) is fairly uniformly distributed in isolated T tubules and surface SL vesicles,47 whereas subfractionation of cardiac SL by WGA suggested that the 1,4-DHPR is densely distributed in the surface SL but very sparse or absent from T tubules. 48 The interpretations of these results contradicted each other and differed from the anticipated results, namely that the 1,4-DHPR would be densely distributed in T tubules in cardiac muscle but absent from the SL as it is in skeletal muscle.42'43 Thus, identification of membrane proteins unique to either surface SL or T tubules in cardiac muscle has not yet been determined, although a recent immunocytochemical study concluded that the tubules is consistent with the conclusion that labeling Na'-Ca' exchanger is more densely distributed in T by guest on July 9, 2017 http://circres.ahajournals.org/ Downloaded from tubules than in free surface SL of isolated guinea pig ventricular myofibers. 49 The functional significance of the presence of DAPs and dystrophin not only in the free surface SL but also in T tubules is currently unknown; however, it is the first evidence to directly show that free surface SL and T tubules in rabbit, sheep, and canine papillary myofibers have several membrane proteins in common, which in skeletal muscle of these species are confined to the SL but apparently absent from T tubules. These results point to the possibility that the function of T tubules in cardiac muscle may not be specialized to carry out functions distinct from those of the SL as they are in skeletal muscle. This possibility is consistent with results of ultrastructural studies suggesting that the structural characteristics of the surface SL and T tubules in cardiac muscle studied so far are very similar.36 Thus, both regions show a similar distribution of integral membrane proteins, have a basement membrane, and form junctional complexes with junctional sarcoplasmic reticulum. The observation that some myocardial cells (e.g., mammalian Purkinje fibers and avian ventricular myofibers) lack T tubules further supports the possibility that unique functions may not reside in cardiac T tubules.
Although morphological, biochemical, and immunocytochemical studies so far have not revealed distinct differences between the free surface SL and T tubules, the studies presented here nonetheless support the idea that cardiac SL is composed of at least two structurally distinct but continuous domains. One of these domains (domain I) corresponds to the regions of cardiac SL not closely apposed to the SL of other myocardial fibers and includes free surface SL and T tubules (when present). The DAPs and dystrophin colocalize in this region. Furthermore, domain I is associated with a basal lamina, as suggested by the presence of laminin as shown here and in previous ultrastructural studies. 36 The other structurally distinct region of the SL (domain II) corresponds to surface SL closely apposed to the SL of neighboring myocardial cells. Domain II includes the intercalated discs of papillary myofibers and the region of SL of Purkinje fibers closely apposed to the SL of neighboring Purkinje fibers. Domain II appears to lack components of the dystrophin-glycoprotein complex but contains up to three distinct cell-cell junctional complexes50 and appears to lack a basal lamina, as suggested by the absence of laminin from this region of the SL.
Presently, the exact function of the dystrophin-glycoprotein complex is unknown. However, a model of the organization of the dystrophin-glycoprotein complex in the skeletal SL has recently been presented.5 In this model, dystrophin was proposed to link the actin filament containing cytoskeleton to the extracellular 156-DAG of the dystrophin-glycoprotein complex via a transmembrane complex containing four other identified DAPs. In view of the similarity between the organization of the dystrophin-glycoprotein complex5 and that of the cadhedrins51 and integrins,52 it was proposed that the dystrophin-glycoprotein complex might bind to components of the extracellular matrix or to a molecule on a closely apposed cell.5 In strong support of this hypothesis, it was recently demonstrated that 156-DAG skeletal muscle binds laminin15 and that dystrophin contains regions that are both structurally and functionally homologous to the actin-binding regions of a-actinin. 16 In this regard, it is noteworthy that the presence of dystrophin and DAPs in distinct regions of the SL and/or T-tubular membranes in cardiac and skeletal myofibers are correlated with the presence of laminin and thus presumably a basal lamina on the extracellular side of those regions of the SL (i.e., skeletal SL,39 cardiac free surface SL, and cardiac T tubules, Table 2 ). Similarly, the apparent absence of dystrophin and DAPs in other regions of SL in these myofibers correlate with the absence of laminin (i.e., cardiac SL closely apposed to a neighboring myofiber and skeletal T tubules,39 Table 2 ). This correlation may indicate that the subcellular distribution of laminin in distinct domains of cardiac and skeletal muscle SL dictates the subcellular distribution of the dystrophin-glycoprotein complex in these muscle cells. Studies are in progress to determine if this is indeed the case.
